Objective: To compare the National Centre for Health Statistics (NCHS) international growth reference with the new World Health Organization (WHO) growth standards for identification of the malnourished (wasted) children most at risk of death.
M
ALNUTRITION IS A PARticular concern in developing countries and has resulted in more than 146 million children being underweight. 1 It appears that 50% of all deaths in children younger than 5 years in developing countries result from malnutrition.
2,3
The 2 classifications for malnourished children based on the criteria outlined by the WorldHealthOrganization(WHO)areacute malnutrition and chronic malnutrition, both severe and moderate. These classifications are based on clinical signs and anthropometric measurements from international growth charts endorsed by the WHO. 4 Severe acute malnutrition (wasting) in children is defined as a having a weightfor-height of less than 70% weight-forheight body size or less than −3 SD on a weight-for-height growth chart. 5 Children with bilateral pitting edema are classified as having severe acute malnutrition regardless of their anthropometric measurements, and the WHO also indicates that children aged between 6 and 59 months with a mid upper arm circumference (MUAC) of less than 110 mm are considered to have severe acute malnutrition. 6 Children can also be classified as having severe chronic malnutrition (stunting) when they have less than 70% height-for-age body size or less than −3 SD on a height-for-age growth chart. The most vulnerable children are those aged 6 months to 5 years. 7 Moderate malnutrition in children is defined as less than 80% (70%-79%) but greater than or equal to 70% weight-forheight body size or less than −2 SD but greater than or equal to −3 SD on a weight-for-height growth chart. Children may also be classified as moderately stunted if they have less than 80% but greater than or equal to 70% height-for-age body size or less than −2 SD but greater than or equal to −3 SD on a height-for-age growth chart. 7 Until recently, most countries used growth standards that were developed in 1978 by the National Center for Health Statistics (NCHS), Centers for Disease Control and Prevention, and the World Health Organization (NCHS international growth reference) to determine the nutritional status of children. 8 The NCHS population has been the reference most commonly used in national programs for individual growth monitoring and generating population-based estimates of child malnutrition, and in emergency settings to determine admission to and discharge from feeding programs. Measurements of reference are in the form of either z scores (standard deviation), or the percentage of the median.
The percentage of the median, as defined by the WHO, is "the ratio of a measured value in the individual, for instance weight, to the median value of the reference data for the same age or height, expressed as a percentage." 9 In the context of a nutrition program, the weight, height, and age of each child is recorded at admission. The admitting medical staff member uses a table of either weight and height, weight for age, or height for age, indicating the cutoff values for the percentage of the median or the z score. The child's measurements are then classified as a certain category (ie, moderately or severely malnourished or not malnourished) and thus determine whether the child meets the admission criteria for a particular program.
In 2006, the WHO released a new set of growth standards for children based on a 6-year longitudinal study of children from 6 countries 10 with the intention of replacing the NCHS international growth reference. 11 The new standards are thought to be more broadly representative of children throughout the world.
Since the release of the WHO growth standards there have been several studies conducted by WHO 11 and others [12] [13] [14] [15] [16] [17] to compare the new standards with the NCHS international growth reference. The key difference, which has operational implications, is that the use of the WHO standards could shift the classification of many children from the category of moderately wasted into the category of severely wasted. This change in classification would require a significant increase in resources directed at treating malnutrition. Previous studies have examined the implications of the new WHO growth standards principally by analyzing data from nutritional surveys. To our knowledge, none of the studies have been based on program monitoring data from nutritional programs. While a full prospective assessment of any new standard in diagnosing acute malnutrition are of clear interest, 12 such studies are difficult because of the ongoing need to provide care. Thus, policy decisions will be based on existing data before these prospective assessments can be accomplished.
The objectives of this study were to analyze admissions data from the nutrition program managed by Médecins Sans Frontières (MSF) (Doctors Without Borders) in collaboration with the Niger Ministry of Health in Maradi, Niger, during the year 2006 and to compare the ability of the NCHS reference with the WHO standards to identify the children most at risk of death. The results of this study may suggest new operational strategies for nutritional programs.
METHODS

PROCEDURE
We conducted a retrospective data analysis of all children admitted to the MSF nutritional program in Maradi, Niger, from January 1, 2006, to December 31, 2006. The nutritional program consisted of 2 inpatient and 11 outpatient centers. Children aged 6 to 59 months were eligible for admission.
The nutrition program was based on the ambulatory strategy in which the children who did not have serious complications and were able to eat were given ready-to-use therapeutic food (RUTF; 2 packages per day to take home) at the outpatient centers each week. Only those children with serious medical complications (ie, severe anemia, shock, sepsis, severe dehydration, and inability to tolerate oral intake of food) and those requiring 24-hour close observation were admitted to the inpatient centers for further care. Children who matched the anthropometric criteria for moderate and severe malnutrition had an initial assessment by a clinician. This assessment included the measurement of the MUAC and assessment of diarrhea, vomiting, anorexia, anemia (physical examination only), and fever. The children were also checked for malaria parasitemia using a rapid diagnostic test (Paracheck Pf; Orchid Biomedical Systems, Goa, India) and whether they were immunized against measles. Compliance with the RUTF was not directly observed because it was an ambulatory program and the children ate the RUTF at home. For a short period in 2006, the families were given a protective food ration of 5 kg of a corn/soya blend and 2 L of oil, which could have potentially prevented the need to share the RUTF, but this did not continue throughout the duration of the program.
The diagnostic criteria for moderate and severe malnutrition used to admit children into the program were based on the weight-for-height percentage of the median of the NCHS growth reference. All measurements were performed using a hanging scale (Salter Brecknell, Fairmont, Minnesota) for measuring weight and a measurement board to measure length.
For analysis purposes, children were reclassified using the EpiNut (Epi Info 6.0; Centers for Disease Control and Prevention, Atlanta, Georgia) software to calculate the percentage of the median for the NCHS reference and the WHO software (igrowup macro; Geneva, Switzerland) to calculate the z scores for the WHO growth standards, as shown in Table 1 .
All deaths in the program were recorded in the database. The initial number of children in the data set was 65 534. The flowchart outlines the process for exclusion in the study sample (Figure) . Children who were transferred (n = 184), lost to follow-up (n = 2175), had missing data on mortality status (n=171), or missing values on WHO or NCHS indicators (n = 2312) were excluded from the analysis. The follow-up was passive. Children were considered lost to follow-up if they missed 3 consecutive visits to the clinic. Children with edema (n=386) were also excluded. Although children were diagnosed and treated as severely malnourished if they presented with bilateral pitting edema, the children were admitted based on their clinical signs rather than their anthropometric measurements (in this case, weightfor-height percentage of the median).
The nutrition teams were instructed to indicate on the charts when the children had edema by checking a specific box on the chart. Children who had missing information regarding edema (n=10 842) were included in the data analysis as not having edema because they did not have sufficient evidence of edema to be classified as such and thus were admitted to the program based on their anthropometric measurements. Children were excluded if anthropometric data were questionable
STATISTICAL ANALYSIS
Statistical analyses were performed with SPSS for Windows version 14.0 (SPSS, Chicago, Illinois). The results are expressed with numbers and relative frequencies (percentage). A new variable was created to place the children into 3 categories according to the NCHS and WHO criteria. The first category consisted of children who would have been categorized as moderately malnourished according to both the NCHS and the WHO (moderate NCHS/ moderate WHO group). This category was used as the reference. The second category included children who were classified as moderately malnourished according to NCHS, but as severely malnourished according to the WHO (moderate NCHS/severe WHO group). The last category consisted of children who were classified as severely malnourished by both the NCHS and the WHO systems (severe NCHS/severe WHO group). Logistic regression analysis was used to assess differences in mortality rates between the malnutrition categories. The first model was a simple logistic regression. The second was a multiple logistic regression model including MUAC, age, sex, and place of admission as covariates. The goodness-of-fit was validated using the HosmerLemeshow test. These results indicated that the models adequately fit the data. Collinearity between the variables was assessed in the final model and indicated no severe problems with collinearity. The odds ratios (ORs) and 95% confidence intervals (CIs) are presented. The model included malnutrition categories, age, sex, place of admission, and MUAC. The Cox proportional hazards model was used to estimate the association between the different standards and the risk for death. All analyses were adjusted for the following covariates: age, MUAC, place of admission (intensive care unit or ambulatory program), place of exit (intensive care unit or ambulatory program), previous case of measles, anemia, malaria, diarrhea, and high fever. The hazard ratios (HRs) were adjusted for known confounders for risk of death that derived from the published literature. The proportional hazard assumption was tested by graphical methods. Estimated HRs and their 95% CIs are presented. All analyses used 2-tailed tests. The level of statistical significance is .05 in all tests.
RESULTS
There were 53 661 children in the study. A total of 96% were classified as moderately wasted using the existing NCHS guidelines and almost 40% of those children would have been classified as severely wasted had the new WHO standard been applied ( Table 3 ). The HR was 2.184 (95% CI, 1.23-3.89) for boys and 1.98 (95% CI, 1.27-3.07) for girls in the moderate NCHS/severe WHO category when adjusted for MUAC, age, place of admission, and place of exit. The risk increase remained significant after further adjustment for previous cases of measles, anemia, malaria, diarrhea, and high fever. The risk increase in the fully adjusted model was 95% in boys (HR,1.95; 95% CI, 1.06-3.55) and 71% in girls (HR,1.71; 95% CI, 1.06-2.75).
COMMENT
The results of this analysis confirm that the WHO growth standards classify more children as severely wasted than the NCHS reference [11] [12] [13] [14] [15] [16] [17] and strongly suggest that this greater inclusiveness is of operational importance for identification of mortality risk. Children classified as moderately wasted by the NCHS reference but who are severely wasted by the WHO standard had almost 3 times the risk of dying during the program than those classified as moderately wasted by both standards. In the current cohort, this group contained almost half of the total deaths in the program. The operational implications of classifying according to the WHO standards (eg, the change in numbers admitted into nutritional programs, increased resources) have been discussed previously. 12 However, the current data suggest an increased subgroup vulnerability for those who would benefit from a reclassification according to the new standard and for whom specifically targeted resource allocation may be planned.
There are 2 key limitations to this study. First, we cannot make an absolute comparison between the 2 standards because we do not have the children included in the study who would have been considered moderately wasted according to the WHO standards. Because the study is a retrospective data analysis, we are only able to discuss the relative risk of the children who were actually treated in the program and who were admitted based on the NCHS standards. The ORs and HRs should be interpreted with caution. The ideal information would only be available from a prospective study where children were randomized to assessment with either the NCHS or WHO standards, subsequent care based on the results thereof, and the survival assessed. Because the treatment of malnutrition depends on the assessed severity regardless of what instrument is used, such a study might be possible and is a clear direction for future research. Nonetheless, both classifications are based solely on clinical measurements that were performed by 2 experienced clinicians in every case; in addition, there is no obvious source of bias between either of the classifications.
Second, the NCHS growth charts that were used to measure the children in the program were not sex-specific. The same growth chart was used for both boys and girls. The values of the combined sex chart are the means of both boys and girls. The WHO software (igrowup macro) that was used to reclassify children based on the new WHO growth standards consisted of sex-specific charts, thus limiting interpretation of results between boys and girls, but not affecting interpretation of the overall results.
We also chose to include the MUAC in the analysis of mortality risk. We made separate analysis with MUAC excluded and included, and the main directions of the results did not change. Including MUAC improved the statistical model, and all assumptions of the model held. Therefore, we chose to present the results with MUAC included in the model. This study suggests that the new WHO growth standards are a more inclusive tool for identifying the children at high risk of mortality who require intensive therapeutic rehabilitation. Although these new standards would require organizations to increase their treatment capacity, it will permit more sensitive identification of those most at risk of death from malnutrition. Further research on the application of the new growth standards may permit the determination of better cut-off points for the classification of moderate and severe wasting, which would preserve its improved inclusiveness of high-risk cases but exclude those reclassified children who do not need to be admitted to an intensive therapeutic program. Analysis of data from a nutrition program, which includes moderately wasted children according to the WHO standards, as well as further investigation of comparable populations from other countries and treatment programs will provide better analysis of the impact of the new standards and the implications for nutritional programming. 
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